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Changes in Electrical and Photometric Units 


In pursuance of decisions of the International Com- 
mittee on Weights and Measures, the National Bureau 
of Standards will introduce as of January 1, 1948, re- 
vised values of the units of electricity and of light. 
Although the definitions of the units and the methods 
of fixing their magnitudes will be different from the 
present practical systems, the changes in magnitude will 
be so small as to affect appreciably only measurements 
of high precision. In certificates for standards and 
instruments issued by the Bureau during 1947, values 
will be given in both the old and the new units. 


Electrical Units 


The electrical units of the “international” system will 


be superseded by those of the “absolute” system derived: 


from the fundamental mechanical units of length, mass, 
and time by use of accepted principles of electromag- 
netism, with the value of the permeability of space taken 
as unity in the centimeter-gram-second system or as 
10~* in the corresponding meter-kilogram-second sys- 
tem. Actually all of the common electrical units fall 
into the mks system. 

The international units now in use were intended 
to be exact multiples of the units of the centimeter-gram- 
second electromagnetic system; but, to facilitate their 
reproduction; the ampere, the ohm, and the volt were 
defined by reference to three physical standards, namely, 
(1) the silver voltameter, (2) a specified column of 
mercury, and (3) the Clark standard cell. This pro- 
cedure was recommended by the International Elec- 


739296—47 


MAY 1947 


7 


trical Congress of 1893 in Chicago and was incorporated 
in an Act of Congress of July 12, 1894. However, 
modifications of the international system were found to 
be necessary or expedient for several reasons. The 
criginal proposals were not sufficiently specific to give 
the precision of values which soon came to be required, 
and the independent definitions of three units brought 
the system into conflict with the customary simple form 
of Ohm’s law, I=E/R. Furthermore, with the estab- 
lishment of national standardizing laboratories in sev- 
eral of the larger countries, other laboratories no longer 
needed to set up their own primary standards, and facil- 
ity of reproduction of those standards became less im- 
portant than the reliability of the units. 

The magnitudes of the international units as now used 
are the result of decisions made at an International Con- 
ference on Electrical Units and Standards held in Lon- 
don in 1908, supplemented by experimental determina- 
tions carried out by an International Technical Com- 
mittee in Washington in 1910. It was then known that 
the international units were not exactly concordant with 
the centimeter-gram-second units, but the Conference 
decided to retain the ohm as defined by the mercury 
column and the ampere as defined in terms of deposits 
of silver. Starting from these two units, the Technical 
Committee established a value (1.0183 volts) for the 
electromotive force of the Weston Normal Cell. The 
magnitude of the international volt was changed as of 
January 1, 1911, to make it consistent with the inter- 
national ohm and international ampere in the relation 
I=E/R. Since that time the international units actu- 
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ally used in this country have been maintained continu- 
ously by groups of wire resistors for the ohm and of 
Weston cells for the volt, without any intentional 
change in magnitude. National laboratories in other 
countries have followed almost the same course, al- 
though a few determinations by means of mercury col- 
umns and silver voltameters have been made as checks 
on the values of the units, and in some cases the 
values have been modified in consequence of these 
determinations. 

The change in units has been under consideration for 
20 years, and in preparation for it laboratories in sev- 
eral countries made absolute measurements of resistance 
and of current. The results of these measurements and 
the magnitudes of the international units as maintained 
in the national laboratories of France, Great Britain, 
Germany, Japan, the U.S. S. R., and the United States 
were correlated by periodic comparisons of standard 
resistors and of standard cells sent to the International 
Bureau of Weights and Measures. Nearly all of the 
absolute measurements at the National Bureau of Stand- 
ards were carried out under the direct supervision of 
Harvey L. Curtis, and the results of such measurements 
at the Bureau and elsewhere were summarized by him 
in 1944. The units of the new system will actually 
be maintained, as were the old international units, by 
groups of standard resistors and of standard cells, and 
the change to be made is most simply represented by 
stating the relative magnitudes of the ohms and of the 
volts in the two systems. The relations accepted by the 
International Committee on Weights and Measures at 
a meeting in Paris in October, 1946, are as follows: 


1 mean international ohm= 1.00049 absolute ohms. 
l mean international volt=1.00034 absolute volts. 


The mean international units to which the above equa- 
tions refer are the averages of units as maintained in 
the national laboratories of the six countries which took 
part in this work before the war. The units maintained 
by the National Bureau of Standards differ slightly 
from these average units; the conversion factors for ad- 
justing values of standards in this country will be as 
follows: 


1 international ohm (U. S.) =1.000495 absolute 
ohms. 

1 international volt (U. 
volts. 


S.) =1.00033 absolute 


Other electrical units will be changed by amounts 
shown in the following tabulation: 


1 international ampere= 0.999835 absolute ampere. 

1 international coulomb=0.999835 absolute cou- 
lomb. 

1 international henry = 1.000495 absolute henries. 

1 international farad=0.999505 absolute farad. 

1 international watt= 1.000165 absolute watts. 

1 international joule=1.000165 absolute joules. 


The factors given should be used in converting values 
given in international units in National Bureau of 
Standards certificates to the absolute system. 
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Photometric Units 


The new system of photometric units takes as the pri- 
mary standard a black-body radiator operated at the 
temperature of freezing platinum.” The “candle,” unit 
of intensity, is defined as one-sixtieth of the intensity of 
1 square centimeter of such a radiator. Other units 
are derived from the basic candle, with the provision 
that when differences of color are involved the evalua- 
tion shall be made by means of standard spectral lumi- 
nosity factors * that have been adopted by the Interna- 
tional Commission on Illumination and the Interna- 
tional Committee on Weights and Measures. 

Units of light have never been established by law in 
the United States. In 1909 the National Bureau of 
Standards by agreement with laboratories in France 
and Great Britain introduced the “international can- 
dle”; the agreement, however, did not provide for any 
primary reference standard. Pending the development 
of a satisfactory basic standard, the “candle” was repre- 
sented by groups of carbon-filament lamps. As other 
types of lamps were developed, working standards of 
the new types were set up independently in various 
countries. This required visual comparison of lights 
of different colors, which is very difficult, and led to 
some diversity of units. Moreover, Germany and Aus- 
tria never accepted the “international” units of light. 

As a result of years of discussion and experimental] 
work on standards of candlepower and on photometry 
of lights of different colors, it was generally agreed that 
the best type of primary standard now available is the 
platinum—black-body radiator, and that lights of dif- 
ferent colors can best be evaluated by using luminosity 
factors representing the spectral sensitivity of the aver- 
age eye under specified conditions. 


These two elements give a basis for a complete system 
of photometric units when a numerical value is assigned 
for the brightness of the p!atinum—black-body standard. 
Its brightness expressed in international units was ex- 
perimentally determined to be about 58.9 candles per 
square centimeter. The adoption of the round value 
60 candles per square centimeter therefore makes the 
new unit about 1.9 percent smaller than the interna- 
tional candle at the color-temperature of the primary 
standard, and sources of light of such color are corre- 
spondingly given higher numerical ratings. However, 
when sources of higher color-temperature are compared 
with the basic standards, the standard spectral luminos- 
ity factors give slightly lower values for the “whiter” 
sources than were obtained by the visual measurements 
by which the present international units were estab- 
lished. The difference between the two scales there- 
fore grows less as the color-temperature of the sources 
measured is increased, and for sources in the range of 
ordinary vacuum tungsten-filament lamps, around 
2,500° K, the new scale crosses the “‘international” scale 
as used in the United States. Furthermore, ratings for 
gas-filled tungsten-filament lamps and other new types 
have been made by methods more nearly in accord with 
the luminosity factors. Consequently, the present 
ratings of the tungsten-filament lamps in this country 
will be practically unaffected by the change of systems, 
no type being changed by more than 1 percent. 

In European countries somewhat higher values have 


been assigned for light from the high-temperature 
sources. Consequently, use of the new scale will bring 
about reductions of several percent in their ratings, but 
these changes will not be so great as would have resulted 
if the standard luminosity factors had been used to step 
up from the international candle as represented by 
carbon-filament lamps. 


Names of Units 


During the period of transition between systems, in 
order to avoid any doubt as to the units used in giving 
precise data, the International Committee on Weights 
and Measures has recommended that the adjectives “‘in- 
ternational” (abbreviation “int”) and “absolute” (ab- 
breviation “abs”) be used with the names of the elec- 
trical units. Similarly with names of photometric units 
the use of the adjectives “international” and “new” is 
recommended. The use of these distinguishing terms 
will become unnecessary, except in referring to old data, 
within a few years. 


1 Harvey L. Curtis, Review of recent absolute determinations of the ohm and 
the ampere, J. Research NBS 33, 235 (1944) RP1606. See also A. Perard, Les 
unites principales, etc., Revue de Metrologie 22, p. 3 and 25 (Jan. and Feb. 
1944). 


* Wensel, Roeser, Barbrow, and Caldwell, The Waidner-Burgess standard of 
light, BS J. Research 6, 1103 (1931) RP325; G. Ribaud, Realisation de l’etalon 
primaire d’intensité lumineuse, Rev. Opt. 12, 289 (1933). National Physical 
Laboratory (Great Britain) Report, p. 79 (1935). 

8K. S. Gibson and E. P. T. Tyndall, Visibility of radiant energy, BS Sci. 
Pap. 19, 131 (1923) S475; Trans. Illum. Eng. Soc. 19, 176 (1924) ; For adop- 
tion, see Recueil des Travaux, Comm. Int. de l’Eclairage, p. 67 and 232 (1924). 


Isotope Separation by Countercurrent 
klectromigration 


A new method for isotope separation has been de- 
veloped at the National Bureau of Standards in con- 
nection with work on the natural isotopes of potassium 
and chlorine. This method, known as countercurrent 
electromigration,‘ makes use of the difference in the 
ionic mobilities of the isotopes of an element and has 
been developed to a point where it can be used as a 
practical means of separating not only isotopes, but 
ionic species in general. 

Interest in isotopes has spread from physics to the 
fields of biology, chemistry, medicine, and industry with 
the growing application of the method of tracers. This 
method uses an isotope of a given element as a “tagged” 
atom, which may be traced through a series of chemical 
reactions without loss of identity. The research worker 
thus achieves greater insight into chemical processes 
than was formerly possible. Large quantities of previ- 
ously rare or unknown radioactive isotopes are now 
available for use as tracers as the result of the recent 
spectacular advances in this field. However, for many 
applications of this method the stable naturally occur- 
ring isotopes of given elements are required. 

The natural isotopes of certain elements may find 
important application in the field of standardization. 


The 204 isotope of mercury, when used in a mercury 
arc, would be a source of light of very constant wave 
length, which might be taken as a standard of length. 
Isotopes of silver have a bearing on the determination 
of the Faraday, while isotopes of mercury are concerned 
with the calibration of standard cells, since the charac- 
teristics of a cell may depend upon the relative propor- 
tions of various isotopes present in the cell. The natural 
isotopes of potassium and chlorine have been efficiently 
concentrated by countercurrent electromigration, and 
it is expected that further research will result in technics 
for the concentration of the isotopes of other elements, 
including silver and copper, by this method. Although 
the 204 isotope of mercury is now being separated by a 
new countercurrent molecular distillation method ° de- 
veloped at the Bureau, the electromigration method 
might also be used to concentrate this isotope. To ob- 
tain mercury 204 in pure form, these methods will have 
to be supplemented in the final step by a more refined 
method such as electromagnetic. Countercurrent elec- 
tromigration has been suggested as a means of separa- 
tion of like elements, such as the rare earths, whose 
chemical properties are so similar that an elaborate 
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procedure involving thousands of fractional ecrystalliza- 
tions has been required for separation. 

The entire process takes place within an electrolytic 
cell containing anode, cathode, and suitable electrolyte. 
The basic principle of operation is an imposed flow of 
electrolyte through the solution in a direction opposite 
to the migration of the ions to be separated. If the rate 
of flow of the electrolytic countercurrent is made equal 
and opposite to the average rate of ion transport, then 
only the lighter isotopic ions will make headway against 
the current, while the ions of the heavier isotope are 
carried in the opposite direction. 

In the separation of electrolytic ions, where ion trans- 
port can be looked upon as a small forward drift super- 
imposed upon kinetic agitation, it is necessary to reduce 
the rate of remixing due to convection in the electrolyte 
to a point below the rate of ion separation. Also, to 
obtain appreciable concentrations of a given isotope a 
multistage fractionation process must be employed. 
Both of these requirements are met by carrying on the 
electrolysis in a fine-grained packing of uniform po- 
rosity. The packing not only reduces remixing to a 
minimum, but acts as a fractionation column under 
total reflux. 

The process was first used in the separation of the 
isotopes of potassium. A U-shaped electrolytic cell 
consisting of vertical anode and cathode compartments 
separated by a horizontal tube packed with 100-mesh 
sand was constructed, the anode compartment connect- 
ing by means of a siphon to a constant-level spillover. 
Platinum electrodes were placed so as to provide a uni- 
form potential distribution across the packing. Before 
starting the run, the cell is filled with electrolyte, such 
as K,SO,, to the desired level as determined by the 
height of the spillover. When the current is turned on, 
K* ions migrate toward the cathode compartment while 
SO, ~ ions migrate to the anode. An electrolyte stream 
flow is induced in the cathode-to-anode direction by 
slowly adding more liquid to both cathode and anode 
compartments, the excess being automatically siphoned 
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The countercurrent electromigration process for separa- 
tion of natural isotopes, developed at the Bureau, is 
based on the difference in ionic mobilities of isotopes of 
an element. The apparatus above has been used for con- 
centration of natural isotopes of potassium. 


52 


off at the anodes. In practice, a solution of H,SO, is 
added to the cathode compartment and KOH to the 
anode compartment. These are known as restituent 
liquids, since they act to restore the original chemical 
composition of the electrolyte in the cell. It was dis- 
covered that when the concentrations and rates of addi- 
tion of both restituent solutions are such that the con- 
centration and pH of the electrolyte throughout the cell 
remain constant during the run, the flow of electrolyte 
through the packing is just equal to the average rate of 
progress of potassium ions toward the cathode. The 
net transport of potassium ion is thus reduced to zero 
as the lighter *°K ions make headway against the elec- 
trolytic stream while the heavier *‘K ions are washed 
back. The packing thus behaves as a fractionating col- 
umn under total reflux, and *°K is concentrated in the 
cathode compartment. Since the anode compartment is 


constantly supplied with KOH, the *°K concentration’ 


remains at its normal value. Asa result, this compart- 
ment serves as a constant-supply reservoir. The point 
balance between ion migration and stream flow is con- 
fined to the uniform porous packing separating the 
cathode and anode compartments. In the work on 
concentration of the light potassium isotope, the ratio 
“°K /*1K was increased from 14.2 in ordinary potassium 
to 24 in the concentrate in 449 hours. An extension of 
this procedure has been found practical for the simul- 
taneous concentration of both *°K and *'K in cathode 
and anode compartments, respectively, and is expected 
to prove useful for further isotopic concentration of 
small amounts of enriched potassium salts. 

The chlorine isotopes *°Cl and **Cl have been sepa- 
rated by a similar procedure with certain modifica- 
tions. When NaCl solution is used as an electrolyte 
and NaOH and HCI as restituent liquids at anode and 
cathode, respectively, *°C] can be concentrated in the 
anode compartment provided the original isotopic 
ratio is maintained in the cathode compartment. How- 
ever, if the chloride ion is allowed to react at the 
anode to form chlorine gas, it will escape, thus chang- 
ing the relative proportions of chloride isotopic ions. 
This reaction was prevented by interposing a solution 
of NaOH around the anode to form a boundary between 
the chloride and hydroxide solutions. Since it was 
necessary to use a NaOH solution of greater density 
than the NaCl solution used, a gooseneck anode com- 
partment was designed so that the alkali solution might 
be the lower layer at the anode boundary. In this 
work, the ratio *°C1/*"Cl was increased in the light con- 
centrate from 3.12 to 4.18 in 474 hours. 

The countercurrent electromigration method has 
several inherent advantages over alternative methods 
of isotope separation that have been used in recent 
years. The simplicity of the apparatus, both in con- 
struction and operation, is perhaps its most important 
feature. Isotopic separation takes place in a single 
step without the need of a vacuum system, or other 
elaborate accessories. The system requires very little 
attention, and with the use of automatic controls for 
addition of restituent liquids, becomes entirely self- 
regulating. The use of a very fine, uniform, porous 
packing provides a much higher reflux efficiency per 


unit length than may be achieved by other fractiona- 
tion methods of isotope separation. Hence, the assem- 
bly has the advantage of requiring a minimum of space 
for the results accomplished. The process has the 
added convenience of being well adapted to use with 
many elements which may “easily be obtained in ionic 
solutions. 


* Details of this work are described in the following papers: A. K. Brewer, 
S. L. Madorsky, and J. W. Westhaver, The concentration of 99K and 4!K by 


balanced ion migration in a counterflowing electrolyte, Science 104, 156 (1946) ; 
A. K. Brewer, S. L. Madorsky, J. K. Taylor, V. H. Dibeler, P. Bradt, O. L 
Parham, R. J. Britten, and J. G. Reid, Jr., Concentration of isotopes of potas- 
sium by the countercurrent electromigration method, J. Research NBS 38, 137 
(1947) RP1765; J. W. Westhaver, Concentration of dK by countercurrent elec- 
tromigration: Some theoretical aspects of the operation, J. Research NBS 38, 
169 (1947) RP1766; S. L. Madorsky and S. Straus, Concentration of the isotopes 
of chlorine by the countercurrent electromigration method, J. Research NBS 38, 
185 (1947) RP1767. 


5 A. K. Brewer and S. L. Madorsky, Concentration of the isotopes of mercury 
by free evaporation in a 10-cell countercurrent reflux still, J. Research NBS 38, 
129 (1947) RP1764. See also Technical News Bulletin 31, No. 3, 33 (March 
1947). 


Subminiature Printed Radio Transmitters 
and Receivers 


Experimentation and testing at the National Bureau 
of Standards, carried on since the first announcement 
of printed circuit technics, has proved the practicability 
of applying the new methods to the manufacture of 
radio and electronic equipment. In particular, diminu- 
tive radio transmitters and receivers, built in the Bu- 
reau’s laboratories, have shown performance qualities 
comparable to equipment built along conventional lines, 
as well as remarkable miniaturization and ruggedness. 

The printing of electronic circuits is one of the im- 
portant new technics to evolve from research and 
development during the war. The practicability of the 
printing technic was first demonstrated in a program 
carried on by the National Bureau of Standards ° lead- 
ing to the development of a tiny generator-powered 
radio proximity fuze. Since the war the art has ad- 
vanced to the point where complete circuits may now be 
printed not only on flat surfaces but on cylinders sur- 
rounding a radio tube or on the tube envelope itself. 


Transmitters and Receivers 


The illustrations show a number of radio transmitters 
and receivers produced by the printed circuit technic. 
Designed to operate in one of the Government bands— 
132 to 144 megacycles—these examples illustrate only 
a few of the wide number of variations possible in 
printing circuits. Several types of miniature micro- 
phones, speakers, and batteries are available as suitable 
components to complete the operating units. The units 
also operate satisfactorily with standard-size micro- 
phones or speakers. 

Logical auxiliary components for a portable unit 
would be a set of small hearing-aid batteries and a 
miniature crystal speaker or hearing-aid type of ear- 
phone. If the combination is to be used as a personal 
telephone, the transmitter and receiver may be com- 
bined to operate with the same set of miniature batteries. 
In this way a very compact portable unit is possible, 
which, including batteries, microphone and speaker, 
may easily be slipped into a package the size of a wallet. 
Since arrangements can be made to insert batteries in 
flashlight manner, reserve battery capacity is usually 
unnecessary. 

For many uses, such as taking inventory or public 
speaking, two-way conversation is unnecessary. In 
such cases the portable unit consists only of a trans- 
mitter made up of a tiny battery pack, a subminiature 


tube with circuit painted on its envelope, and a tiny 
crystal microphone. The transmitted voice may be 
picked up on a standard receiver in an adjoining room 
and fed to a recording unit, to loud speakers of an 
auditorium, or to any desired reproducing system. 
Where istics of transmission is small, or where con- 
versation between a variable point and a fixed high- 
power transceiver is desired, the complete portable unit 
could be extremely compact—e. g., field crew contact 
with a base station or with mobile units, such as trucks 
or aircraft, carrying moderate-powered transceivers. 
In another application, such portable units would dis- 
pense with the usual flagging methods of lining up com- 
mercial aircraft after landing or in assisting planes 
taking off or landing on aircraft carriers. A simple 
two-tube unit consisting of an oscillator and amplifier 
stage may suffice for these applications. One such unit 
constructed at the Bureau employs a microphone operat- 
ing into an amplifier that modulates an oscillator cou- 
pled to an antenna. Pressing a button converts the unit 
to superregenerative reception. For receiving, a mag- 
netic earphone may be operated from the amplifier 
stage. 


Printing of Units 


The smallest transmitter units consist of subminiature 
triodes with the circuit painted directly on the tube 
envelope. (See circuit and design details of type l, 
fig. 3.) The coils and small grid leak are painted on 
the glass envelope of the tube with silver and graphite 
paints respectively. The addition of a tiny high-dielec- 
tric ceramic capacitor completes the circuit. 

If good adhesion of the circuit to the glass is Heaied, 
the tube envelope must be absolutely “clean prior to 
painting. Although the coils may be painted freehand, 
more uniform results can be obtained by applying the 
silver paint with a ruling pen mounted on a lathe while 
the tube held in the chuck is rotated by hand. Precise 
coils can be applied in this manner. Another variation 
involves the application of the coils to the tube envelope 
before the tube elements are inserted and sealed. 

Unit C of figure 1 was made by first wrapping a 
stencil of the coil pattern around the tube using masking 
tape. The glass envelope was then etched in fumes of 


shydrofluoric acid (sand blasting could have been em- 


ployed), which roughens the surface and allows excel- 
lent adhesion of the paint to the envelope. After etch- 
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Figures | (left) and 2 (right) illustrate subminiature transmitters and receivers. respectively. The five types of 
transmitters in figure 1 (4 to E) are single-tube grid-modulated units and require only connection to modulator 
and battery for operation. Circuits of these units are printed as follows: A and B, on the outer surface of thin 
steatite cylinders, with tube inserted in the cylinder and the combination wired to a battery plug; C, on the glass 
envelope of a 6K4 subminiature tube; D, on the glass envelope of a T-2 tube 1/4-in. diameter by I-in. length, 
housed in a small lipstick case for protection; and E, on a 3/32-in. steatite plate, 1.5 in. in both length and 
width. Steps in the development of a flat-plate transmitter are shown in figure 1, (F, G, H): F, the upper side 
carrying silyer spiral coils and a coupling capacitor; G, the reverse with silver wiring, graphite resistors (dark 
rectangles), and circular capacitors; H, complete transmitter with subminiature tube and battery plug-in. 
The receivers of figure 2, on lucite (B) and steatite (C and F) plates, employ a square law detector stage, followed 


by two stages of pentode amplification, and a triode output stage feeding the loud speaker. Battery and speaker, 


also available in miniature, complete the units. 


Sharper tuning and additional sensitivity may be obtained by 


converting the input stage to one employing super-regenerative detection. Plates 4, D, and E (fig. 2) represent 


developmental stages of the respective receivers. 


ing, the hydrofluoric acid was neutralized with strong 
caustic soda solution, and the envelope was washed 
thoroughly with soap and water and rinsed in distilled 
water. The conducting paint was applied to the etched 
surface and allowed to dry in air. To improve the Q 
of the coil, it was silver plated in a silver-cyanide bath 
by applying a current of 0.2 ampere for 15 minutes 
depositing a layer approximately 0.003 inch thick. 
Where strong adhesion is desired, it has been found 
advantageous to copper plate over the initial painted 
coils prior to silver plating. A simple copper-sulfate 
bath may be used. Plating at 4 amperes for about 14 
minute will deposit a copper film of approximately 
0.0005 inch. The grid-leak resistor was painted on 
with a resistance paint and dried at a temperature of 
50° C under an infrared lamp. 

The procedure used to print the transmitter and re- 
ceiver circuits on steatite plates is the stencilled screen 
method, now accepted as a standard way of printing 
electronic circuits. (Printing electronic circuits, NBS 
Technical News Bulletin 31, 17, February 1947). 
Although steatite was used for the base plate, the proc- 
ess is applicable to such materials as glass, porcelain, 
bakelite, lucite, and other insulating surfaces. Steatite, 
a hard, dense ceramic material, is well adapted for use 
as a base material. It is unaffected by water, solvents 
or even acids—important factors in its electrical use. 

The printed silver wiring is applied through a silk or 
metal screen stencil containing the appropriate pattern. 
Genuine swiss silk, copper, phosphor bronze, and stain- 
less steel screens of 120 to 200 mesh have been used with 
good results. The stencil is laid over the clean ceramic 
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plate and silver ink brushed over it. For flat plates, 
a squeegee may be used to apply the paint. When the 
stencil is removed, a pattern of silver lines representing 
the wiring of the circuit appears. Examples of this 
may be seen in figures | and 2. 

The silver paint may consist of very finely dividéd 
silver or silver oxide mixed with a binder to make a 
paste and thinned with a solvent such as acetone. On 
highly refractory surfaces, such as steatite, a flux of 
low-temperature glass may be added to improve adhe- 
sion to the surface. After impression of the pattern, 
the plate is heated to a temperature of 800° C to bond 
the silver permanently to the plate. Paints that do not 
require firing at high temperatures have been developed 
for use wherever elevated temperature equipment is not 
available or desirable. The principal advantage gained 
by firing at high temperature is an exceedingly strong 
adhesion to the plate and an improvement in electrical 
conductivity. 

If a plastic base is desirable instead of a more highly 
refractory material, a simpler procedure may be fol- 
lowed. In this case the wiring is applied through the 
stencil (as with the steatite plates), but paints are used 
that dry at room or slightly higher temperature. <A 
suitable silver paint consists of powdered silver in lac- 
quer solution, the consistency being adjusted with an 
acetate solvent. For best results a high percentage 
(65%) of silver powder is used. Paints mixed and 
ready for use, which will dry on brief exposure at 50° C 
or overnight at room temperature, are commercially 
available. 

The conductivity of the wiring applied in such a 


manner is somewhat lower than that of wiring applied 
by the firing process, but is usually satisfactory for 
most electronic circuits. An example of a lucite plate 
wired in this manner is shown in figure 2. To increase 
the conductivity of the spiral coil it has been silver- 
plated. As silver-plating is relatively easy, it was 
found convenient to plate all wiring on the plate in the 
same operation at a rate of 0.2 ampere for 15 minutes 
in a silver-cyanide bath. 

Prior to stenciling the wiring, the lucite plate was 
cleaned with a dilute solution of trisodium phosphate, 
rinsed in water and dried at 50° C to remove any oil 
stains. After addition of the resistors and the con- 
densers the complete surface was coated with a thin 
layer of lucite cement for protection against humidity 
and other effects. 

It is generally more convenient to purchase paints 
than to mix them in the laboratory. This is especially 
true for the silver paints that are readily available 
commercially. A satisfactory preparation for painting 
transmitter coils on the tubes is a sodium-silicate con- 
ducting paint known as Sauereisen Conductulute. This 
paint dries in air at room temperature and may be 
plated readily. A satisfactory formula for silver paint 
used on a ceramic base consists of 62 percent silver 
powder, 15 percent cellulose lacquer, 11.5 percent lead 
borate, and 11.5 percent ethyl acetate. This paint re- 
quires firing at 800° C and gives excellent results— 
good adhesion to the surface (3,000 lb/in.*) and good 


Figures 3 (left) and 4 (right) show circuits of subminiature printed transmitters. 
Type 1, in which the circuit is printed on the tube envelope (see fig. 1, 


designed with the basic circuit of figure 3. 


conductivity. For use on glass, a silver paint made of 
76 percent silver oxide, 4 percent raw linseed oil, 12 
percent lead silicate, and 8 percent mineral spirits may 
be used. This paint requires firing at 450° C. 

The ceramic disk capacitors that are prepared from 
high-dielectric mixtures of titanates are soldered into 
position. They range from 4% to %e inch in diameter 
and 0.02 to 0.04 inch in thickness. The capacitance is 
controlled by the mix, the thickness of the disk, and the 
area of silvering on the faces. Such capacitors, avail- 
able in values from 6.5 to 10,000 micromicrofarads, 
are soldered to the plate with a low-temperature solder 
which allows soldering through the condensers without 
adversely affecting the performance. A bismuth sol- 
der, consisting of 40 percent bismuth, 40 percent lead 
and 20 percent tin (110° C melting temperature) is 
used. 

Wiring of the units is completed by soldering the 
subminiature tubes and leads for the antenna, batteries. 
and loud-speaker directly to the silver wiring on the 
plate. To prevent absorption of silver by the solder it 
is desirable to use a solder containing about 2 percent 
of silver. A solder composed of approximately one- 
third lead and two-thirds tin with 2 percent silver is 
suitable. The development of a method of dipping the 
plate into a solder bath eliminates individual soldering 
of the leads. 

A resistor formula that cures at 150° C and is suitable 
for painting on steatite, glass, and phenolaldehydes 
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Two types of transmitters are 


C and D), has the following characteristics: 6K4 Sylvania subminiature triode; 4=6 volts; B=120 volts; C=7.5 upuf 
subminiature high dielectric ceramic capacitor, 1/8-in. diameter by 0.030 in., attached to tube envelope; R=50,000 
ohms, 3/32 in. by 5/16 in., painted on tube envelope with graphite paint; Lg=4 turns painted on tube envelope with 
silver paint (15 tpi); Lp=5 turns painted on tube envelope; M=carbon microphone; T=—miniature transformer; 
V—0; frequency = 136 megacycles; Ip=3 milliamperes; I[f=200 milliamperes. Type 2, in which the circuit is printed 
on steatite cylinder with tube inside the cylinder (see fig. 1, 4 and B), has the following characteristics: Raytheon 
subminiature triode; 4=1.5 volts; B=120 volts; C=7.5 uuf capacitor, attached to steatite cylinder 1 in. long, 1/2 in. 
outside diameter, and 1/32 in. thick; R=50,000 ohms, painted on steatite cylinder; Lg=3 turns painted on steatite 
cylinder (16 tpi); Lp=6 turns painted on steatite cylinder (16 tpi); M=carbon microphone; T=miniature trans- 
former; V=4.5 volts; frequency=116 megacycles; Ip=3 milliamperes; [f=200 milliamperes. Type 3, designed 
with the basic circuit of figure 4 printed on a flat steatite plate (see fig. 1, E) has the following characteristics: Ray- 
theon subminiature triode; A=1.5 volts; B=120 volts; Lg=7/16 in. outside diameter spiral wound on steatite plate, 
4 3/4 turns; Lp=7/16 in. outside diameter spiral on steatite plate, 4 3/4 turns; La=5/8 in. outside diameter spiral 
on steatite plate, 5 1/2 turns; M=carbon microphone; T=miniature transformer; V=4.5 volts; frequency=140 
megacycles; Ip=3 milliamperes; [f=200 milliamperes; ceramic capacitors attached to steatite plate; resistors 
painted on steatite plate. 
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(Bakelite, for example) consists of 15 percent powdered 
graphite, 29 percent phenolaldehyde lacquer, 9 percent 
lampblack, and 47 percent alcohol-acetate mixture. For 
methyl-methacrylates such as lucite and plexiglass, a 
resistor paint that dries at room temperature may be 
made of 27.5 percent graphite powder, 34.5 percent 
methyl-methacrylate lacquer, 29 percent toluene, and 
9 percent lampblack. 

Although the silver wiring is applied in layers, 
usually less than a mil in thickness, the current-carrying 
capacity exceeds that required in normal electronic 
circuits including filament supply leads. In tests at 
the Bureau, a silver line 0.0005 inch thick and % inch 
in width carried over an ampere of current continuously 
and satisfactorily. It required 18 amperes to puncture 
the line. The resistors are rated conservatively at from 
Mo to 4 watt, depending on the physical size; larger 
ratings are possible. 

Recent studies by the National Bureau of Standards 
have disclosed at least six principal methods of print- 
ing electronic circuits. They are, in addition to the 
printing method described above, spraying, chemical 
deposition, vacuum methods, die stamping, and electro- 
photography. A summary of these details is being 
prepared for publication. 


Operating Distance 


Subminiature tubes will deliver 50 milliwatts of 
power or more to an antenna. With half-wave dipole 
transmitting and receiving antennas, a 100-microvolt 
receiver and ideal transmission conditions, communi- 
cation up to 10 miles should be possible. The ideal 
assumptions involved in computation of the 10-mile dis- 
tance are hardly realized in practice, particularly if 
antennas of convenient size and shape are used. Fora 
personal radiotelephone (or transceiver ) a single, short, 
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telescoping antenna is preferred, if any is used at all. 
Coupling to and radiation from the antenna will un- 
avoidably be far from optimum. [If used in a building 
or on a street, absorption and reflection from the walls 
of the buildings takes place. These and other factors 
make the distance of operation a matter which must be 
determined experimentally. 

The personal radiotelephones shown in figure 1 have 
been used successfully in various tests at the Bureau. 
Excellent communication was obtained with a standard 
transceiver located in one room of a modern, four-story 
laboratory, and a subminiature transmitter operated 
from all other parts of the laboratory as well as from 
the grounds 144 mile away. Clear reception was also 
possible with the transmitter located in a modern, 
metal-roofed automobile (door closed) six blocks from 
the transceiver even though many buildings prevented 
a clear line-of-sight transmission. A light antenna 
consisting of a thin rigid wire 18 inches long was 
employed in these tests. 


Limitations 


The circuits described herein are standard circuits 
used only to illustrate the practicability of the printed 
circuit technic. The performance therefore is similar 
in regard to sensitivity, selectivity, fidelity, tone, and 
volume to that to be expected of such circuits constructed 
with standard components. Time has not permitted the 
exhaustive engineering required to produce a transmit- 
ter and receiver having optimum performance qualities. 
It may be said, however, that conversation and music 
transmitted and received on these units are satisfactory. 
In two instances, the subminiature transmitters were 
used to broadcast on national radio networks with 
excellent results. 

It is appropriate to include a warning that radio 
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Figure 5 is the circuit of a subminiature printed radio receiver. 


farads or megohms. 


Numerical values on the diagram are micromicro- 


The receiver also has the following characteristics: [f;=120 milliamperes; [f,=200 milliam- 
peres; Lr=7/16 in. outside diameter spiral wound on plate, 4 1/2 turns; frequency=140 megacycles. 


A 6 to 12- 


inch-diameter PM or miniature magnetic speaker is used with the receiver; plate current through the speaker 


is 2.5 milliamperes. 
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transmitters may not be operated without the approval 
of the Federal Communications Commission. ‘To re- 
duce limitations to a minimum and “to make possible 
the fullest practicable development of private radio- 
communications within the limits set by other demands 
for assignments in the spectrum,” the FCC has allocated 
the band from 460 to 470 megacycles to a new “Citizens 
Radio Communication Service.”* The bands above 
and below 460 to 470 megacycles are assigned to other 
uses. Although no definite statement regarding the 
opening of this service has yet been issued by the Com- 
mission, it is expected that a public announcement will 
be made setting forth the conditions under which 
licenses may be obtained. 

Although the units described in this paper operate 
in the 140-megacycle range, the subminiature tubes 
operate effectively at higher frequencies. Tuning of 
the transmitter and receiver may be accomplished in 
the usual way. Satisfactory results have been obtained 
with a tiny cylindrical ceramic capacitor. A small 
metal screw passing through the center varies the capac- 
ity between two silvered rings on the external surface 
of the cylinder. 


Applications and Significance 


According to the Federal Communications Commis- 
sion, the new uses of the Citizens Radio Communica- 
tions Service are as “broad as the imagination of the 
public and the ingenuity of equipment the manufactur- 
ers can devise.” Personal radio telephones could be 
valuable in many applications—for example, in factory 
and store inventories, on farms, and by surveyors, hunt- 
ers, and explorers. In addition there are numerous 
applications in crime detection and traffic regulation, 
in limited ship-to-shore communication, and in emer- 
gencies such as forced landings or isolating floods. 
Potting materials have been developed that allow em- 
bedding of small units entirely in clear plastic to with- 
stand severe shocks and operate after being subjected 
to extreme atmospheric conditions. 

In some cases, it has been possible to produce extreme 
miniature units, such as the transmitter with the circuit 
painted on the envelope of the T—2 tube. Even this, 
however, does not represent the ultimate in miniaturi- 
zation. Conversely, miniature circuit components of 
the standard type are available that make it possible to 
duplicate the degree of miniaturization shown by the 
receivers of figure 2. 

While miniaturization is a feature that has attracted 
the greatest attention in the printing of electronic cir- 


cuits, there is another feature of equal or greater impor- » 


tance. The process makes it possible to effect economies 
in production not possible in present assembly line 
methods. A single operator can turn out thousands of 
printed electronic plates a day at the cost of a few cents 
aplate. It is not necessary to cut wires to length, bend 
them into shape, and individually solder or connect 
them to a chassis. With the printed technic, each unit 
is a reproduction of the master patterns, reducing line 
rejects to a minimum. Substantial savings in wiring 
and inspection and reduction of rejects makes the 
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process economically attractive. In addition, it opens 
up new fields of exploitation for the radio and elec- 
tronic industry by making practicable such products 
as the bantam weight personal telephone or broadcast- 
ing units and myriads of other electronic devices. 


® The development of printed circuits for proximity fuzes at the National 
Bureau of Standards was centered in the Ordnance Development Division under 
the direction of Harry Diamond. This work was carried on in collaboration 
with the Centralab Division of Globe Union, Inc., and under the auspices of 
Division 4, NDRC. Work on the miniature transmitter and receiver units was 
to a great extent carried out by the members of the staff of the Ordnance Devel- 
opment Division, National Bureau of Standards, voluntarily devoting their after- 
hours to the program. Space does not permit naming all who showed extreme 
interest and assisted in producing the units. The work was under the super- 
vision of Cledo Brunetti and W. J. Cronin. Specific acknowledgement is made 
to J. J. Gurtowski, Robert L. Henry, and Miss Clara G. Moon, who made impor- 
tant contributions to the methods and carried out the printing of the units. 
The electronic phases were executed by Max Shufer, G. J. Tedore, P. E. Landis, 
L. A. Riley, and E. A. Vogelsang. Additional work on the development and 
perfection of new methods of printing electronic circuits and studies of their 
performance is being carried on in the Division by a group under the supervi- 
sion of P. J. Franklin and R. W. Curtis. 

7 See Release 92515, Federal Communications Commission, Washington 25, 
D. C., April 23, 1946. 


Brazilian Eclipse Expedition 


Six scientists from the National Bureau of Standards 
are participating in the National Geographic Society— 
Army Air Forces Eclipse Expedition to Brazil that 
will study phenomena occurring during the total eclipse 
of the sun on May 20. Dr. Lyman J. Briggs, retired 
Director of the Bureau of Standards and chairman of 
the National Geographic Society’s Research Committee, 
is the scientific leader of the expedition. 

On May 20, physicists and astronomers will use 10 
tons of equipment in observing and studying the eclipse 
of the sun. The duration of totality will be 3 minutes 
and 48 seconds. The particular site for the eclipse 
observations is near a Brazilian village, Bocayuva, 
approximately 400 air miles due north of Rio de Ja- 
neiro. The location was chosen from among those in 
the path of eclipse totality, which extends from Santiago, 
Chile, to Kenya Colony in East Africa, because of the 
good prospects for clear weather and the longer period 
of totality there. Described as one of the most com- 
prehensive eclipse studies ever undertaken, the expedi- 
tion will have, in addition to the mass of ground observ- 
ing equipment, two aircraft, a B-17 and B-29, with 
which to make high-altitude photographs and cosmic 
ray intensity recordings. 

The largest group of scientists left for Brazil by air 
on April 1. Among them were Dr. Carl C. Kiess and 
F. Oliver Westfall of the Bureau’s Spectroscopy Sec- 
tion, L. W. Scott of the Optical Instruments Section, 
and Franklin Kral and James M. Watts of the Regular 
Propagation Measurements Section of the Central Radio 
Propagation Laboratory. Dr. Irvine C. Gardner, chief 
of the Optical Instruments Section, will fly down later. 

Bureau personnel will conduct a number of investiga- 
tions on May 20. Dr. Gardner and Mr. Scott will be 
responsible for photographing the sun’s corona in black- 
and-white and in color in addition to making photo- 
graphs showing the polarization of corona light. They 
will use equipment designed by Dr. Gardner and built 
in the laboratories of the Optical Instruments Section. 
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Dr. Kiess will work with Dr. Harold F. Weaver of 
the Lick Observatory, obtaining spectrograms of the 
flash spectrum and the corona. They will use two 
spectographs specially built at the Bureau of Standards, 
one adjusted to record the visible and the ultraviolet 
spectrum and the other to record the infrared and red 
spectrum. An integral part of these.spectrographic ob- 
servations will be the measurement of the variation in 
brightness of the crescent of the sun as totality is 
approached. 

Mr. Westfall will assist Dr. George Van Biesbroeck 
of the Yerkes Observatory in the measurement of the 
apparent displacement of the position of the stars close 
to the sun as predicted by the Einstein “shift” theory. 
The Einstein theory states that light rays from stars are 
bent as the rays pass near the sun on their way to the 
earth. The bending of the rays, which Einstein pre- 
dicted amounts to 1.75 seconds of angle, results, accord- 
ing to his theory, from the influence of the gravitational 
field of the sun upon the rays of light. A total eclipse 
of the sun offers the only opportunity to test the theory 
as stars appearing near the sun are ordinarily blocked 
out by the sun’s glare. However, these stars can be 
seen and photographed during an eclipse. 

Radio observations of the changes that take place in 
the ionosphere will be made by Mr. Kral and Mr. 
Watts, using a specially built automatic radio trans- 
mitter, receiver, and recording oscillograph. 

The comprehensive meteorological study to be co- 
ordinated with the eclipse program will be under the 
direction of Dr. Briggs, and under the immediate super- 
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vision of Major William E. Walk, Army Air Forces. 
Investigations will be made using ground observations, 
captive balloon observations, and upper air observa- 
tions by means of radiosondes. 

Other scientific aims of the expedition include meas- 
urement of the exact times at which the moon makes 
the four contacts with the sun’s disk; photographing 
the Southern Milky Way; study of the distribution of 
daylight intensity at various altitudes during the 
eclipse; measurement of the intensity of the hard com- 
ponent of cosmic rays, known as mesotrons. The 
scientists taking part in these studies are Dr. Francis 
J. Heyden and Dr. Lawrence C. McHigh of George- 
town Observatory, Dr. Edward O. Hulbert of the Naval 
Research Laboratory, and a group from the Bartol Re- 
search Foundation, which includes Peter A. Morris, 
Martin A. Pomerantz, and Harvey C. Taylor. 

Through the Special Events Section of the National 
Broadcasting Company, the United States will hear a 
series of broadcasts sent by short wave preceding the 
eclipse and a special broadcast during the eclipse. 
Television film will be made and flown back to this 
country for transmission over NBC television net- 
works. The period of eclipse totality will begin at 
7:34 a.m. Eastern Standard Time. 

Scientists from Argentina, Australia, Brazil, Den- 
mark, Finland, Russia, and New Zealand will also 
observe the eclipse from various locations in Brazil. 
Those from Sweden, Finland, and Denmark will uti- 
lize the eclipse to make a new determination of the 
figure of the earth. ; 
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X-ray diffraction apparatus has been modified at the Bureau to obtain diffraction patterns at temperatures up to 
1,500° C. Significant design features are a resistance furnace in which the specimen may be held at high tem- 
perature (surrounded by cooling coils, left center) and a Geiger counter that replaces the usual photographic film. 
The Geiger counter is moved through the Bragg angle by the small synchronous motor at operator’s left hand. 
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Heating element (right center) of the Bureau’s high-temperature powder X-ray diffraction apparatus consists of 
two closely fitting ceramic tubes with platinum winding on each. Surrounding this are (in order, right) a plati- 
num radiation shield and a stainless steel shield. All are mounted on a brass base (left center) to which is attached 


the specimen holder (next left). 


The entire assembly is enclosed in a brass cover (extreme left). 


Both cover and 


base are provided with cooling coils. Openings in all elements allow passage of the X-ray beam. 


High-Temperature X-Ray 
Diffraction Apparatus 


One of the important applications of X-ray diffrac- 
tion is the identification of crystalline forms of sub- 
stances, providing not only information as to chemical 
composition, but also data on the particular crystalline 
modification present. Many crystalline substances ex- 
hibit structural changes on heating, different modifica- 
tions being stable at different temperatures. In those 
cases where the high-temperature crystalline form con- 
tinues to exist after cooling to room temperature, its 
structure can be identified and studied in the usual way. 
However, some substances revert to their normal struc- 
ture so rapidly that the high-temperature forms are not 
present after cooling. To investigate those modifica- 
tions existing only at higher temperatures, as well as 
the rates of inversion and crystal formation, a high- 
temperature powder X-ray diffraction apparatus, by 
which patterns may be obtained while the materials are 
at elevated temperatures, has been developed by H. F. 
McMurdie and A. Van Valkenburg, of the Bureau’s 
microscopic and diffraction analysis laboratory. 

Several high-temperature X-ray diffraction devices 
have been made in the past, all of which use photo- 
graphic film which must be kept cool to record the 
pattern. This limits their application to temperatures 
of approximately 1,000° C or less. The new equip- 
ment, using a Norelco X-ray spectrometer in which a 
Geiger counter replaces the photographic film, may be 
used to obtain patterns with specimens maintained at 
temperatures up to 1,500° C. As the Geiger counter is 
moved by a small synchronous motor through the 
Bragg angle, 45 to 5 degrees, in 40 minutes, the dif- 
fraction pattern is recorded on a strip chart. 

A resistance furnace of special design replaces the 
specimen holder of the spectrometer. The furnace 


consists of brass base with a ceramic insert; platinum 
specimen holder for the powdered sample, attached to 
the ceramic insert; the heating element, composed of 
two ceramic tubes fitting one inside the other with a 
platinum winding on each tube; and, surrounding the 
heating element coaxially, a platinum radiation shield 
and a stainless steel shield. The entire assembly is 
enclosed in a brass cover. Water cooling coils are pro- 
vided for the cover and the brass base to reduce the heat 
conveyed to adjacent parts. Openings in all elements 
surrounding the specimen holder allow passage of the 
X-ray beam. The openings in the outer brass jacket 
are covered with thin sheets of beryllium to prevent 
drafts of air and to keep radiated heat from the adjoin- 
ing parts of the equipment. Beryllium is used because 
of its high transmission of X-rays. 

The temperature of the furnace is regulated and meas- 
ured by a recording potentiometer that operates from 
a thermocouple whose junction is placed just above 
and in front of the specimen. Control of the tempera- 
ture is effected by the controller that puts a small re- 
sistance in the line when the required temperature is 
reached. The main-line voltage is regulated manually 
by a variable autotransformer. To heat the furnace to 
1,500° C requires about 12 amperes at 40 volts. 

With this equipment it is possible to obtain a pattern 
of a sample at a specified temperature. Since the pat- 
tern is produced immediately in a useable form, requir- 
ing no photographic processing, the crystalline state of 
the material is readily identified. The temperature 
can then be adjusted to a different value and a new pat- 
tern made in a matter of minutes. In many cases it is 
not necessary to run the complete 45 degrees of the 
pattern, since the information needed can be obtained 
in a few degrees. For example, in studying the inver- 
sion of monoclinic zirconia (ZrO,) to the tetragonal 
ferm, a crystalline transformation accompanied by vol- 
ume changes, it is only necessary to study the peaks be- 
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tween 12 and 18 degrees. Abrupt volume changes may 
introduce undesirable properties in products contain- 
ing zirconia, such as high-temperature refractories. 
X-ray diffraction patterns obtained in the 12- to 18- 
degree region by the new apparatus readily identify 
these crystalline forms of zirconia and the inversion 
temperature. 

The X-ray diffraction apparatus utilizing the specially 
designed furnace possesses several advantages over 
other high-temperature X-ray powder diffraction cam- 
eras. Any number of patterns can be obtained at tem- 
peratures up to 1,500° C without intermediate cool- 
ing of the sample under investigation. In addition, 
only 40 minutes are required for producing a complete 


diffraction pattern in a form ready for study. 

The apparatus also offers a new approach to problems 
arising from differences in atomic, molecular, and crys- 
taltine structure of many materials. Further investiga- 
tion is under way to determine changes in the crystal 
phases of refractory bodies occurring in use at tem- 
peratures up to about 1,500° C. Other applications 
include studies of thermal expansion of powdered ma- 
terials and of additions that will affect the rate of 
inversion of titania from the common form of anatase 
to the more useful rutile. Of particular importance in 
the ceramics industry, data may now be obtained di- 


rectly on the crystalline changes taking place in raw , 


materials during manufacturing processes. 
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